Abstract The 8-10 May 1997 eruption of Bezymianny volcano began with extrusion of a crystallized plug from the vent in the upper part of the dome. Progressive gravitational collapses of the plug caused decompression of highly crystalline magma in the upper conduit, leading at 13:12 local time on 9 May to a powerful, vertical Vulcanian explosion. The dense pyroclastic mixture collapsed in boil-over style to generate a pyroclastic surge which was focused toward the southeast by the steepwalled, 1956 horseshoe-shaped crater. This surge, with a temperature <200°C, covered an elliptical area >30 km 2 with deposits as much as 30 cm thick and extending 7 km from the vent. The surge deposits comprised massive to vaguely laminated, gravelly sand (Md -1.2 to 3.7φ; sorting 1.2 to 3φ) of poorly vesiculated andesite (mean density 1.82 g cm -3 ; vesicularity 30 vol%; SiO 2 content ~58.0 wt%). The deposits, with a volume of 5-15×10 6 m 3 , became finer grained and better sorted with distance; the maximal diameter of juvenile clasts decreased from 46 to 4 cm. The transport and deposition of the surge over a snowy landscape generated extensive lahars which traveled >30 km. Immediately following the surge, semi-vesiculated block-and-ash flows were emplaced as far as 4.7 km from the vent. Over time the juvenile lava in clasts of these flows became progressively less crystallized, apparently more silicic (59.0 to 59.9 wt% SiO 2 ) and more vesiculated (density 1.64 to 1.12 g cm -3 ; vesicularity 37 to 57 vol%). At this stage the eruption showed transitional behavior, with mass divided between collapsing fountain and buoyant column. The youngest pumice-and-ash flows were accompanied by a sustained sub-Plinian eruption column ~14 km high, from which platy fallout clasts were deposited (~59.7% SiO 2 ; density 1.09 g cm -3 ; vesicularity 58 vol%). The explosive activity lasted about 37 min and produced a total of ~0.026 km 3 dense rock equivalent of magma, with an average discharge of ~1.2×10 4 m 3 s -1 . A lava flow 200 m long terminated the eruption. The evolutionary succession of different eruptive styles during the explosive eruption was caused by vertical gradients in crystallization and volatile content of the conduit magma, which produced significant changes in the properties of the erupting mixture.
Introduction
Explosive activity accompanying the growth of silicic lava domes has been of concern to the scientific community since 1902, when a moderate eruption of Mt. Pelée on Martinique led to the total destruction of the town of St. Pierre and killed 27,000 people (Lacroix 1904) . The devastation of St. Pierre was caused by a previously unrecognized volcanic phenomenon, the pyroclastic surge -a hot, dilute, extremely mobile pyroclastic density current in which particles are carried in turbulent suspension and in a thin bed-load layer (Fisher and Heiken 1982; Druitt 1998) . Pyroclastic surges can be generated by several processes and from eruptions of different types and magnitudes. Surge-generating eruptions can be phreatic, phreato-magmatic or magmatic, and range in scale from relatively weak to violent (Sheridan and Wohletz 1983; Fisher and Schmincke 1984; Cas and Wright 1987; Carey 1991; Francis 1993; Macias et al. 1997 Macias et al. , 1998 Druitt 1998; Wohletz 1998; Valentine and Fisher 2000) . Hence, surges exhibit a wide range of velocities, temperatures, particle concentrations, and moisture contents, resulting in different flow and depositional processes, and consequently in diverse characteristics of deposits.
Three main classes of pyroclastic surges can be distinguished: (1) surges detaching from parental pyroclastic flows (ash-cloud surges and ground surges; Carey 1991; Sparks et al. 1997; Abdurachman et al. 2000) , (2) directed-blast surges generated by decompression of internal parts of domes, cryptodomes and conduits as a result of large-scale slope failures (Hoblitt et al. 1981; Kieffer 1981; Druitt 1992; Belousov 1996; Sparks et al. 2002) , and (3) base surges originating directly by fallback of near-vertical explosion fountains or from continuous fountaining (Taylor 1958; Moore 1967; Sigurdsson et al. 1987; Hoblitt et al. 1996; Macias et al. 1997; Druitt et al. 2002; Clarke et al. 2002) .
Here we report the results of our investigation of pyroclastic deposits of the 8-10 May 1997 eruption of Bezymianny volcano (Kamchatka, Russia), which included a powerful pyroclastic surge produced by collapse of a vertical explosion fountain. This was one of the most important eruptions of Bezymianny since the gigantic directed blast of 1956 (Gorshkov 1959; Belousov 1996) , comparable in explosivity only with the 1985 eruption (Alidibirov et al. 1990b) . The scale of the surge was similar to that generated at Mt. Pelée on 8 May 1902.
History of Bezymianny lava dome eruptions
Bezymianny is one of a cluster of active volcanoes forming the Kluchevskaya group near the northern end of the Eastern volcanic belt of the Kamchatka peninsula ( Figs. 1 and 2) . The volcano forms an andesitic edifice approximately 3,000 m high, superimposed on the southeastern foot of the extinct Kamen volcano, 4,580 m high (Bogoyavlenskaya et al. 1991) .
After approximately 1,000 years of dormancy (Braitseva et al. 1991) , the first historical eruption of Bezymianny commenced in October 1955, and the climactic explosive eruption occurred on 30 March 1956 (Gorshkov 1959 Belousov 1996) . Soon afterward the formation of the andesitic lava dome named Novy (meaning "new") started in the newly formed, 1.5-km-diameter, horseshoe-shaped crater which opened toward the southeast. Further dome growth followed, and by 1976 the dome volume had reached 0.36 km 3 (Seleznev et al. 1984) . After that, the dome volume -although it fluctuated -did not change substantially because the parts of the dome destroyed by explosive eruptions were replaced soon afterward by extruded lava coulées of comparable volumes.
In the first few years after 1956, lava extruded more or less continuously, and spines were formed on occasion at different locations on the surface of the dome. Intermittent growth has occurred since 1965 and, in addition to episodic extrusion of stiff spines, extrusions of plastic lava also began to occur, although the magma composition did not change substantially (Bogoyavlenskaya and Kirsanov 1981; Alidibirov et al. 1990b) . Viscosity of the lava fluctuated but in general decreased gradually with time and, during the last two decades, this was reflected in the extrusion of several, comparatively long lava flows to a distance of 0.7 km from the vent (Belousov et al. 1999) . Also after 1965, coincident with the general decrease of viscosity of the extruded lava, eruptive processes became focused in a single vent in the upper part of the dome (Seleznev et al. 1984 ). 
